SUMMARY The possible effect of age, race, sex, consciousness upon admission, geographic location, and history of selected risk factors on the survival after stroke due to infarction or hemorrhage was determined using proportional hazards analysis (Cox regression). For each diagnostic category the most significant prognostic factor was consciousness upon admission. Increasing age, cardiac disease, or previous stroke also decreased the survival time of patients with infarctions. For patients with cerebral hemorrhage, no other variable was significant after control for consciousness level.
unconscious. Little has been published concerning the combined effects of these two factors, nor is it known whether the numerous factors affecting survival would be significant after controlling for factors thought to be more important, such as age and consciousness level. For example, the sex of the patient may be related to survival after stroke if considered by itself, but it may have no statistical importance if one adjusts for differences in the age of the sexes.
Other authors have reported the influence on survival of stroke patients of many factors, such as age, race, sex, consciousness level at admission, as well as history of previous stroke, transient ischemic attacks (TIAs), cardiac disease, diabetes, and hypertension. 5 " 22 In this report we examine the impact of these factors, which have been found to affect survival following stroke by other authors, using proportional hazards analysis. This is a relatively new statistical technique, being introduced in the early 1970's, and allows for the estimation of the joint effects of factors much like the more familiar multiple regression or logistic regression. We have also provided the analysis in a "traditional" format (Kaplan-Meier survival estimates and Breslow's Generalized Wilcoxon test) to allow the reader to compare our population to the many previously reported in the literature.
Methods
Physicians in the Community Hospital-Based Stroke Programs (CHSPs) of North Carolina, Oregon, and Rochester (NY) kept detailed records on 4219 stroke patients enrolled during 1979 and 1980. The combined data file as created included information on the patients' survival time after admission to hospital, age, race, sex, consciousness upon admission, and history of selected risk factors. Other evaluations and outcome measures, as well as further details concerning the joint project, are described elsewhere. 23 -24 The CHSP programs surveyed the hospital records on patients signing informed consent (65%) and those refusing (35%).
u - 24 The survival status at hospital discharge was available for all patients, and hence, the COMMUNITY HOSPITAL-BASED STROKE PROGRAMS/Howard et al 295 survival status during the crucial hospitalization period is available on all patients. In addition, we followed those patients signing consent for a period of one year after their stroke. This report is, hence, on the survival during the first year following the stroke, but includes the partial information on those patients refusing consent.
Factors considered in this analysis as possibly influencing survival after stroke, and the coding used for analysis, are presented in Table 1 . Kaplan-Meier life table estimates and univariate tests (by Breslow's Generalized Wilcoxon test) are provided in Table 2 for comparison of the CHSP population to the survival of other populations reported in the literature.
Proportional hazards modeling of the survival of these stroke victims is considered the primary analysis because of its ability to examine the joint effects and significance of the factors under consideration. In the proportional hazards analysis variables considered to affect survival significantly were selected in a modified forward stepwise manner and the magnitude of their effects was estimated. After the factors found to be significant had been selected, estimates of the survival curves were made by the methods detailed in Kalbfleisch and Prentice. 23 As a check of the proportional hazards model, if there were more than 45 patients at the onset in groups or strata of patients defined by the significant variables we also estimated survival by Kaplan-Meier methods. The patients within a strata should be exposed to roughly the same risk, and, if the proportional hazards model fits well, should produce a similar estimated one-year survival as the KaplanMeier method.
Proportional hazards is an analysis of the differences in "hazards" to which the populations are exposed. The hazard is defined as the instantaneous probability of death at a point of time conditional of being alive at that time. In the evaluation of the significance of a factor (eg., sex) the proportional hazards analysis assumes that the hazards of the two groups are proportional (multiplicative) with respect to time. For the interpretation of the results the authors have employed the "risk ratio," which is the ratio of the hazards between two groups of patients. Hence, if the ratio of two groups (males vs. females) is estimated to be " 3 , " then the interpretation that the males have an instantaneous probability of death 3 times greater than their female counterparts.
In either the Kaplan-Meier/Breslow's Generalized Wilcoxon test analysis or the proportional hazards analysis the significance of any factor is evaluated relative to differences at any point in the survival curve, not only at the endpoint. Hence, for in this work (as well as work by other authors), "significant" factors should be interpreted as having an impact on survival during the entire follow-up period, not only at the end of the period.
Results

Survival After Cerebral Infarction
When the 10 factors shown in Table 2 are considered individually four factors clearly (p < 0.001) affected survival of patients with infarctions: age, consciousness upon admission, history of previous stroke, and cardiac disease. Older patients, patients with lower consciousness levels upon admission, and patients with a history of previous stroke or cardiac disease have a worse prognosis of survival to one year. To a lesser degree, sex was seen possibly to influence outcome, with females having a poorer prognosis (p < 0.05). When considered individually, race, center (North Carolina; Rochester, NY; or Oregon), and history of diabetes or hypertension were considered as not influencing the chance of surviving to one year.
A forward stepwise proportional hazards procedure 7 that considered all factors for 1468 patients, with complete data for all variables, selected consciousness upon admission as the most important prognostic factor (p < 0.0001), followed by age (p < 0.0001), history of cardiac disease (p = 0.0002), and history of previous TIA (p = 0.0402). No other factor was found to influence the estimated survival (p > 0.05). A proportional hazards analysis was performed with only these factors to provide better estimates of effects and significance. (More complete data for these variables increased the sample size to 1566 patients.) History of previous TIA, which was marginally significant on the reduced sample size, was now found to be insignificant (p = 0.0912). The patients age (p < 0.0001), admission consciousness (p < 0.0001), and history of cardiac disease (p < 0.0007) were found to affect estimated one-year survival. The other factors not in the model were considered to determine whether any contributed information after controlling for these three. A history of previous stroke did provide information that can be considered marginally significant (p = 0.03), but not providing a major contribution. After history of previous stroke was included in the model, no other factor contributed any further significant information (p > 0.05). Also, the categorical (nonlinear) effects of age and consciousness upon admission, as well as the interactions between the variables selected were insignificant (p > 0.05). Table 3 provides a summary of the results with the estimated coefficients (BETA) in the model and the estimated risk ratio. This risk ratio may be interpreted as the estimated ratio of hazards (probability of death at time "t" conditional on survival to "t") associated with a change for each of the variables, after controlling for the other variables in the model. For each year increase in age the hazard is 1.025 times greater. For each decrease in consciousness level, the hazard is estimated to be about 2.4 times greater. Thus, the hazard is about 2.4 times greater for patients who are disoriented or lethargic as compared to alert patients, and there is the same increase in hazard associated with patients who were stuporous or comatose as compared to patients disoriented or lethargic. As compared to patients with no history of cardiac disease or stroke, the hazard is estimated to be about 1.8 times greater for patients with a history of cardiac disease, and about 1.3 times greater for a history of previous stroke. Table 4 provides survival estimates for patients at arbitrarily selected ages (55, 70, and 85 years), each level of consciousness upon admission, and history of previous cardiac disease and stroke. Estimates were made for all combinations by the proportional hazards model, and by Kaplan-Meier methods for strata with more than 45 patients at onset. There is generally good agreement between the survival estimates made by either method; only 2 of 13 Cox estimates fell outside the two standard errors of the estimate by KaplanMeier. The range of survival estimates is large: at age 55, alert patients who have no history of cardiac disease survived one year an estimated 93 percent of the time, and at age 85, stuporous-comatose patients who have had both cardiac disease and previous stroke survived only an estimated 13 percent of the time.
Survival Following Cerebral Hemorrhage
The influence of individual factors (Table 2 ) on survival following cerebral hemorrhage are different from those following an infarction. Again, consciousness upon admission is the overwhelming factor, with 88 percent of alert patients surviving for a year, but only 24 percent of the stuporous or comatose patients surviving for a year. Age, which is quite important in patients who have an infarct is of borderline signifi- Notes: Beta is the estimated coefficient in a proportional hazards analysis. The risk ratio provides a clinical interpretation of the magnitude of the effect associated with the factor, and is the estimated ratio of hazards (or instantaneous probability of death) between two groups of patients alike on all traits but that under consideration. For example, the risk ratio of 1.025 associated with the factor age for patients with infarcts indicates that, other factors held constant, with each year increase of age the hazard of death increases 1.025 times.
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cance for the patients who have had a hemorrhage. History of previous stroke and cardiac disease, both highly prognostic factors for patients who have had an infarct, provides no significant predictive information about patients who have had a hemorrhage. Survival for one year of nonwhite patients was estimated to be 67%, but survival of white patients for one year was estimated to be only 47%. The geographic location of the treatment center proved to have marginally significant effects. Again, no prognostic information was related to the sex of the patient or a history of previous TIA, diabetes, or hypertension.
The proportional hazards model clearly showed, as for patients who had a cerebral infarct, the most important prognostic factor for survival after a hemorrhage is the level of consciousness at admission. When the level of consciousness was controlled, no other factor contained additional significant (p > 0.05) prognostic information. As compared to alert patients, the hazard rate for disoriented or lethargic patients was estimated to be about 3.5 times greater. The hazard rate is again about 3.5 times greater for lowering the consciousness level to stuporous or comatose from disoriented or lethargic. Table 4 gives the estimated survival probabilities by the proportional hazards model, and the one year estimated proved to agTee well with KaplanMeier estimates.
Survival After a Nonspecific Diagnosis of Stroke
Age, consciousness upon admission and history of cardiac disease, when considered individually (Table  2) , influence survival of patients who did not receive a specific diagnosis of infarct or hemorrhage. Geographic center and history of previous TIA proved to be marginally significant prognostic indicators when considered individually.
The proportional hazards modeling of survival of patients with a nonspecific diagnosis indicated that consciousness upon admission was clearly the most significant factor, but that its effects were not consistent among the geographic centers ( Table 3 ). The effect of consciousness upon admission was found not to differ significantly between North Carolina and Rochester (NY), where the hazard was estimated to increase about 2.4 times for each level of decrease in the level .
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•Results have no clinical usefulness in predicting survival for one year because of the extreme heterogeneity of the group. of consciousness. In Oregon the decrease in level of consciousness was accompanied by larger increases in the hazard, estimated to be about 3.8 times greater per level of change in consciousness. History of cardiac disease also proved to be a significant prognostic factor. When the level of consciousness was controlled, the hazard was estimated to be about 1.8 times greater for patients with a positive history of cardiac disease. When consciousness upon admission and history of cardiac disease were controlled, no other factor contained additional significant information.
Survival estimates from the proportional hazards model are provided in Table 4 . The agreement between these estimates and Kaplan-Meier estimates was moderate: two of the eight proportional hazard estimates falling outside of two standard errors of the KaplanMeier estimates.
Discussion
For the physician who may measure a large array of factors and then attempt to estimate a patient's chances of survival, there is little information available about the joint effects of prognostic factors on survival. In this paper, we have established variables of prime importance and estimated their effects on the chances of survival.
For any type of stroke, consciousness upon admission is clearly the prime factor in the chances of a patient's survival. This variable probably serves as a measure of the severity of the stroke and the function remaining in the damaged tissue, which is a major underlying factor of increased mortality. For all three categories of stroke, the increased hazard from alertness to disorientation or lethargy was not significantly different from the increased hazard from disorientation or lethargy to stupor or coma.
Age only provided prognostic information (after controlling for other variables) for the patients who have had an infarct. This effect of age may be related to sequelae factors that cause death, such as older patients being at greater risk of death from pneumonia secondary to the stroke. We had anticipated that the survival of patients who had a nonspecific diagnosis would resemble the survival of the patients who had an infarct, since it is reasonable to assume the majority of the patients with a nonspecific stroke diagnosis were in truth infarcts.
The finding that age, race, sex, and a history of risk factors do not influence survival of patients who have had a hemorrhage may have important clinical implications. Since older patients who have several risk factors and who are alert after a hemorrhage have the same prognosis as younger patients who have no risk factors, these older patients should receive treatment based on the assumption of a favorable outcome.
A history of cardiac disease is highly significant for patients who have had either an infarct or nonspecific diagnosis. The elevated risk of cardiac events associated with TLA or stroke is common knowledge. In patients who have had an infarct and most of those whose diagnosis was nonspecific (since most nonspecific patients are likely to be infarcts), heart disease and stroke probably related to the same underlying process of atherosclerosis. In patients who have a history of heart disease, atherosclerosis is more advanced and the risk for associated diseases is greater.
History of previous stroke proved to be marginally important in prediction of survival following infarct, again possibly a marker for advanced atherosclerosis.
Many of the risk factors considered to be related to the onset of stroke did not prove to be risk factors for death after a stroke. That race, sex, and history of diabetes or hypertension did not influence survival appears to contradict medical knowledge, since for example, diabetic patients remain diabetic after their stroke and hence "carry" the risk factor for a repeat event. However, there is no reason to expect the development of the disease to have the same process as the course after the onset. For example, hypertension is commonly recognized as a major risk factor for stroke, but a history of hypertension did not prove to be predictive of survival following the event. As in all analyses finding no relationship between factors, this lack of a significant link might be. due be established with an increased sample size.
Although Table 4 may be used quickly and easily to estimate survival of a patient for a year, the results must be interpreted with caution. As for any statistical modeling technique, proportional hazards analysis requires many assumptions. These assumptions include multiplicative, not additive, effects of factors; and proportional hazards across time. We caution the reader not to use clinically the results from the nonspecific stroke patients. Both the heterogeneity of the nonspecific stroke group, as well as the incomplete follow-up of the patients greatly decrease the clinical utility of this information. The results were presented only to account for all patients in the study. Table 4 simply provides estimates of survival and represents the average chances of survival in a large group of stroke patients. Alert, young patients with no history of risk factors may not survive; comatose elderly patients with history of cardiac disease and previous stroke may not die within a year. The proportional hazards model does provide the statistically proper simultaneous evaluation of the effect of multiple factors on the survival of stroke patients.
